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SUMMARY 
The effect of pasteurizing the milk on the nitrogenous decom-
position in cheddar cheese was studied with nine series of 
cheese. Each of six series contained two cheese, manufactured 
at the same time from equal portions of the same lot of milk, 
one cheese being made from raw milk and one from pasteur-
ized mille Each of three series contained three cheese; one 
cheese was made from raw milk, one from pasteurized milk, 
and one from 90 percent pasteurized and 10 percent raw milk. 
Changes in the nitrogen distribution in the cheese were deter-
mined by chemical analyses of cheese serum at intervals during 
ripening. The cheese serum was obtained by submitting a mix-
ture of finely divided cheese and sand to relatively high pres-
sures in a laboratory press. The analyses of the cheese sernm 
included determinations of total nitrogen, amino nitrogen and 
various nitrogen fractions which were soluble or insoluble in 
trichloracetic acid, ethyl alcohol, phosphotungstic acid, or 
tungstic acid. The cheese was scored for flavor and the flavor 
criticized at the same periods that chemical analyses were made. 
In all of the cheese there was a steady breaking down of the 
proteins as indicated by increases in the various nitrogen frac-
tions determined. During the early stages of ripening, there 
was little variation in the amounts of the various fractions in 
the serums of the raw and the pasteurized milk cheese. After 
longer ripening, the amounts of the various nitrogen fractions 
were definitely larger in the serum of the raw milk cheese than 
in the serum of the pasteurized milk cheese, which indicates 
a more rapid and extensive breakdown of the proteins in the 
cheese made from raw mille After about 2 months of ripening 
the flavor scores of the cheese made from raw milk were regu-
larly higher than those of cheese made from pasteurized milh. 
The cheese made from pasteurized milk was generally charac-
terized by a lack of flavor a11d a tough rubbery body. 
The amounts of the various nitrogen fractions in the serum 
of the cheese made from 90 percent pasteurized and 10 percent 
raw milk were usually intermediate between the corresponding 
values for the raw milk and the pasteurized milk cheese, al-
though they more nearly approached the values for the raw 
milk cheese than those for the pasteurized milk cheese. The 
cheese made from the mixed milk developed a flavor essentially 
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the same as that of the raw milk cheese and did not lack flavor 
as did the cheese made from pasteurized mille 
The high quality cheese, which was made from raw milk or a 
mixture of raw and pasteurized milk, was regularly character-
ized by the presence, in the cheese serum, of relatively large 
amounts of the nitrogen fraction soluble in trichloracetic acid 
but insoluble in ethyl alcohol, and also by the presence of rela-
tively small amounts of the fraction insoluble in trichloracetic 
acid. 
Bacteriology of Cheese 
I. Effect of Pasteurizing the Milk on the 
Nitrogenous Decomposition in 
Cheddar Cheese! 
By C. B. LANE AND B. W. HAMMER 
Pasteurization is thoroughly established in a number of 
branches of the dairy industry. The principal reason for its 
use is to destroy disease-producing organisms that may be 
present in the materials treated, although with certain products 
the improvement in the keeping qualities is also of importance. 
Without pasteurization. or some comparable procedure, it would 
be very difficult to supply large volumes of milk, cream, butter 
and ice cream that could be consumed with little danger of con-
tracting disease from them. 
In the cheddar cheese industry pastelll'ization, as ordinarily 
defined, has been used very littl e. Experience has shown that 
cheddar cheese made from pasteurizeod milk rarely develops the 
full, characteristic flavor normally found in raw milk cheese of 
good quality and, in addition, requires an extended period to 
show a reasonable degree of ripening. It has sometimes been 
assumed that there is no health hazard in connection with 
cheddar cheese because of the acid developed in the product and 
the rather long ripening period. Mycobacterit~1n tub eTC11 losis, 
however, has been found to live in cheddal' ch eese for many 
months (8), and a number of epidemics of disease have been 
traced to this product, the most disastrous one being the 
typhoid outbreak that occurred in St. Maurice Valley, Quebec, 
in 1932 (5). From the evidence that is accumulating it ap-
pears probable that health officials in the more progressive 
areas will soon be demanding the same safeguards for cheese 
that they now demand for milk, cream, butter and ice cream. 
In certain instances milk to be made into cheddar cheese has 
been heat treated at a relatively low exposure, usually with the 
flash procedure. 'l'he primaJ'Y object of this treatment has been 
to control objectionable bacterial changes and thus make a 
more desirable and more uniform product. While such heat 
treatment undoubtedly is useful from certain standpoints, it 
Nould not satisfy reasonably strict health requirements. More-
over, it appears probable from various studies on the heat re-
sistance of Ol'ganisms that these low exposures may not always 
give as complete a destruction of objectionable organisms as is 
1 Project 385 of the Iowa AgTicuItural Experiment Sta tion. 
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desirable in controlling certain defects in cheddar cheese made 
from milk having a high count and varied flora . 
The data herein reported were obtained in an attempt to de-
termine the effect of pasteurizing the milk, as the process is 
carried out in the market milk industry where the exposures 
used must insure the destruction of disease-producing organ-
isms that may be in the product, on the nitrogenous decompo-
sition and general ripening in cheddar cheese. The work was 
divided into two parts: Part 1 consisted of a comparison of raw 
milk and pasteurized milk, while Part 2 consisted of a com-
parison of raw milk, pasteurized milk and a mixture of 90 per-
cent pasteurized and 10 percent raw milk. The chemical an-
alyses involved the recovery of serums from the cheese by 
means of the method employed by Barthel (2, 3 and 11) and his 
associates in studying various cheeses other than cheddar. A 
series of precipitating reagents was m:ed on the serums in an 
attempt to fractionate the nitrogenous decomposition products 
in considerable detail. 
HISTORICAL 
The degree of protein decomposition in cheddar cheese has 
commonly been investigated by a study of the soluble nitrogen 
content. The method of determining the soluble nitrogen that 
has been most used involves extraction with water. The gen-
eral procedure, which consists essentially of shaking finely di-
vided cheese with warm water, filtering the mixture, and then 
analyzing the filtrate for products of protein hydrolysis, was 
used with cheddar cheese in 1902 by Van Slyke and Hart (14). 
Since then the water extraction method has been employed by 
various investigators who have studied the soluble nitrogenous 
constituents of cheddar cheese. Variations in the water ex-
traction method were employed by Moil' (9) and by Allen (1). 
Both of these investigators extracted the fat from cheese with 
ethyl ether and then treated the residue with water. 
Barthel, Sandberg and Haglund (2) explained and demon-
strated how inaccurate results may be obtained when the water 
extraction method is used. They state that the addition of 
large quantities of water upsets, to some extent, the physico-
chemical equilibrium existing in the cheese. The salt concen-
tration decreases which enables certain casein decomposition 
products to become more soluble, while other substances, hav-
ing the character of globulins, are precipitated. According to 
the data presented by Sandberg·, Haglund and Barthel (11), 
this change in the equilibrium of the nitrogenous compounds ac-
counts for the unreliable results obtained by the chemical an-
alysis of a water extract of cheese. 
Since no standardized water extraction method has been 
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adopted, there have been variations in the procedures used by 
different investigators. van Dam (12) pointed out that varia-
tions in the temperatures of the water used and differences in 
the methods of shaking the cheese and water mixtures have 
considerable effect on the amounts of soluble nitrogen found in 
the water extracts. 
With the errors of the water extraction procedure in view, 
Barthel, Sandberg and Haglund (2) developed a method for 
obtaining the soluble nitrogenous materials from cheese direct-
ly. They found that by submitting a mixture of finely divided 
cheese and sand to relatively high pressures, a cheese juice or 
serum was obtained which could be analyzed for various soluble 
nitrogenous compounds. Sandberg, Haglund and Barthel (11), 
after a comparative study of the water extraction and direct 
methods of obtaining the soluble nitrogenous constituents from 
several varieties of cheeses, concluded that more accurate re-
sults are obtained by analysis of cheese serum than by analysis 
of a water extract of cheese. 
Chemical analysis of a water extract of cheese or of a lot of 
cheese serum involves the use of reagents for precipitating pro-
teins and various types of protein decomposition products. In 
1902, Van Slyke and Hart (15) developed methods for the esti-
mation of the proteolytic compounds contained in cheese. The 
various compounds and the reagents used to precipitate them 
from water extracts of cheese were: (a) paranuclein, precipi-
tated with hydrochloric acid; (b) proteids, coagulated by heat; 
(c) caseoses, precipitated with zinc sulfate; and (d) peptones, 
precipitated with tannin, phosphotungstic acid or bromine. 
These investigators concluded that of the three reagents used 
for the precipitation of peptones, phosphotungstic acid is the 
most satisfactory. 
Folin and Wu (6), in 1919, developed a method for removing 
the proteins and protein hydrolysates from blood by the use 
of tungstic acid. Later, in 1922, Hiller and Van Slyke (7) used 
tungstic acid as well as picric acid, ethyl alcohol and trichlora-
cetic acid for the precipitation of proteins and protein inter-
mediate products from blood and from protein digests. They 
found that tungstic and picric acids are the most complete pre-
cipitants for proteill8· and intermediate products, with the (>x-
ception of amino acids, that ethyl alcohol acts in the same man-
ner as tlmgstic and picric acids, but does not allow all of the 
amino acids to pass into the filtrate, and that trichloracetic aci.d 
is the most satisfactory reagent for precipitating proteins alone. 
In 1932, Eagles and Sadler (4) studied the nitrogen distribu-
tion in Kingston cheese. Trichloracetic acid was used to remove 
the proteins from water extracts of the cheese, the extracts hav-
ing been previously treated with heat and acetic acid. Phos-
photungstic acid was employed to precipitate· all of the inter-
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mediate products from the extracts, with the exception of the 
amino acids. The nitrogen material not precipitated by phos-
photungstic acid was considered the amino nitrogen or, under 
definite conditions of acidity, the amide nitrogen. Sodium sul-
fate was used in determining the proteo:o: e nitl·og·en of the 
water extracts and tannic acid in determining the peptone 
nitrogen. 
In 1930, Moil' (9) determined the degree of ripeness in raw 
aud pasteUl·ized milk cheddar cheese by analyzing water ex-
tracts of fat-free cheese. Two temperatures were employed for 
flash pasteurization of the milk, 165° and 185° F. (73.9 ° and 
85 .0° C.). Alcohol formol titrations, as well as ammonia and 
amide nitrogen determinations, were made on the cheese ex-
tracts. Moil' concluded that the pasteurization of milk used for 
cheese making reduces the quantity of ultimate decomposition 
products formed during the ripening. He also found that a 
bitter flavor developed in the cheese made from pasteurized milk 
which was very pronounced in the cheese made from milk 
heated to 185° F . Using somewhat similar methods for deter-
mining the degree of ripeness in cheddar cheese, Allen (1) con-
cluded that cheese made from milk generally used for cheese 
making purposes undergoes a quicker and more extensive ripen-
ing than cheese made from clean milk of a low bacterial count. 
METHODS 
MANUFACTURE OF CHEESE 
SOURCE AND TREATMENT OF MILK 
'l'he milk used for making the experimental cheese came from 
three dairies and varied in sanitary quality. Milk A came from 
a Holstein herd. It contained about 3.4 percent fat, and the 
bacterial counts were usually under 20,000 per mi., as deter-
mined by the standard plate method. Milk B and Milk C came 
from mixed herds and contained from 3.4 to 3.8 percent fat; the 
bacterial counts ranged from 100,000 to 500,000 per mi., as de-
termined by the standard plate method. 
In each comparison of raw milk and pasteurized milk for 
cheese making, 254 pounds of milk were. used. The inilk was 
thoroughly mixed and divided into two equal portions, one of 
which was pasteut'ized at 145° F. (62.8° C.) for 30 minutes. In 
each comparison of raw milk, pasteurized milk and pasteuri7.ed 
milk plus raw milk, 381 pounds of milk were used. After mix-
ing, 139.7 pounds of the milk were set aside and the remainder 
pasteurized at 145° F. (62.8 ° C.) for 30 minutes. The pas-
teurized milk was divided into two portions of 127 pounds and 
114.3 pounds, after which 12.7 pounds of the raw milk were 
added to the smaller portion of pasteurized mille 
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MANUFAC'l'URE AND SCORING OF CHEESE 
The portions of milk were placed in 40 gallon ' cheese vats 
and inoculated with 1.5 or 2.0 percent of commercial cheese 
culture. The cultures used were of the type that produce aeid 
rapidly and, at the time of their inoculation into the milk, con-
tained from 0.8 · to 0.9 percent acid, calculated as lactic acid. 
After the temperature of the milk had been adjusted to 86° F. 
(30.0° C.), cheese color was added at the rate of 1 ounce per 
1,000 pounds of milk, and rennet extract at the rate of 3 ounces 
per 1,000 pounds of mille About 7 minutes after the addition 
of the rennet the milk began to coagulate, and about 20 to 25 
minutes later the cm·d ,vas ready to cut; three-sixteenth inch 
knives were used for this purpose. 
The curd was cooked at 104° F. (40.0 ° C.) until the acidity 
of the whey reached 0.15 .to 0.16 percent and the desired firm-
ness of the curd was obtained. After dipping, the curd was 
cheddared until 0.5 to 0.6 percent acidity in the whey was 
reached or until the curd produced 0.5 to 0.75 inch thl'eads 011 
the hot iron. After milling, the curd was forked for about 30 
minutes and 3 percent cheese salt added. At least 45 minutes 
were required to completely dissolve the salt, after which the 
curd was rinsed with scalding water and then placed in the 
hoops. 
The cheese was pressed for about 18 hours under continuous 
pressure and then placed in a curing room at 35° to 39° ]<'. 
(1.7 ° to 3.9 ° C.). One longhorn cheese weighing about ]2 
pounds was obtained from each lot of 127 pounds of mille 
Each vat of milk, regardless of the treatment prior to the ad-
dition of rennet, was made into the best cheese possible. To ob-
tain cheese of high quality, a different time schedule for the 
various manufacturing processes was necessary with the pas-
teurized milk than with the raw mille 
The cheese was examined and scored for flavor at intervals 
during ripening on the basis of 45 for a perfect score. 1'he 
cheese varied in type and intensity of flavor to such an extent 
that scores alone did not give sufficient information regarding 
the flavor of the cheese; therefore, a description of the flavor 
of each cheese was included with the numerical score. The 
cheese was commonly examined by two or more persons who 
agreed on the general quality of the product. The scores and 
criticisms recorded were given by Prof. E. F. Goss of the Dairy 
Industry Department, Iowa State College. The ripening pe-
riods of the cheese did not exceed 4 months, since by far the 
greater portion of commercial cheddar cheese is ripened for 
only a few months before it is marketed. 
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DEVELOPMENT OF THE METHOD USED TO OBTAIN SERUM 
FROM CHEDDAR CHEESE 
In obtaining material to be used in chemical studies on the 
nitrogenous decomposition in cheddar cheese, the method of 
Barthel, Sandberg and Haglund (2) appeared to have such a 
definite advantage over the extraction of cheese with water that 
its use was attempted. This procedure consists of obtaining 
serum from cheese by subjecting a mixture of sand and finely 
divided cheese to relatively high pressures. 
The press employed' is shown in fig. 1. It is 36 inches high, 
weighs 115 pounds, and gives any desired pressure up to ap-
proximately 20,000 pounds per square inch. The pressure ex-
erted is registered on a meter so that the operator can note at 
any time the exact force being applied to the test material. 
Four loose attachments were used in the extraction of cheese 
serum. These consist of (a) a flat metal plate, 8 inches square 
and 1 inch thick, having a groove outlet around the outer edge; 
(b) a hollow metal cylinder, 7.5 inches high, 3.5 inches in inter-
nal diameter, and containing a number of narrow slots which 
allow the escape of the liquid squeezed from the test material; 
(c) a solid metal cylindrical plunger, 7.5 inches high, which 
exactly fits into the cylinder; and (d) a solid metal base for 
the cylinder. 
In preparing and operating the press for the squeezing of 
serum from cheese, the hollow press cylinder was first placed 
on the metal base. A circular, tightly fitting felt pad was then 
put into the bottom of the cylinder and the inside of the cylin-
der was lined with cloth. The mixture of sand and cheese was 
transferred to the cylinder, another felt pad was put on top of 
the mixture, and the plunger was set on top of this pad. The 
complete setup was then placed on the metal plate which 
rested on the ram 'of the press. Pressure was applied by the 
pump handle, which slowly forced up the ram so that the top 
of the plunger came in contact with the rigid top of the press, 
thereby exerting a force on the test material. 
To prepare a satisfactory cheese and sand mixture, it was 
necessary to cut or shred the cheese. The trials with a small 
meat grinder were not successful since the pieces of cheese 
matted together as they came from the grinder and did not 
form small masses of cheese such as are needed for best results. 
A small grater, of the type commonly used by housewives to 
grate soap, yielded thin, flaky shreds of about 1 inch in length 
which held their individual shapes. The shreds obtained in this 
"Manufactured by Fred S. Carver, mechanical engineer, 347 Hudson Street, 
New York City. 
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Fig 1. Press used to recover serum from cheese. 
manner were of satisfactory size and shape to be readily mixed 
with sand. Barthel, Sandberg and Haglund (2), in obtaining 
serum from several varieties of cheeses, noted the importance 
of the size of the sand used in the cheese and sand mixture and 
showed that the sand added stability to the mixture and also 
acted as a filter by allowing the cheese liquid to escape during 
the pressing. In the studies on cheddar cheese the size of the 
sand was also important in obtaining serum. At first a coarse 
sand was employed but this caused the cheese and sand mixture 
36.,1 
to push out through the cloth when pressure was applied. Al-
though better results were obtained with sand of a somewhat 
smaller size, the best results were secured when a very fine sand 
(about 60 percent, by weight, passing a 100-mesh sieve) was 
used. It was important to obtain the correct proportion be-
tween the shredded cheese and the sand. Barthel, Sandberg 
and Haglund (2) suggested a ratio of one part of cheese to two 
parts of sand, by weight, for obtaining maximum amounts of 
semm from several varieties of chee::: es. ,Vith cheddar cheese, 
when a mixture of one part of cheese to three parts of sand by 
weight was used, little 0 1' no sel'um was obtained. A mixture 
of one part of cheese and one part of sand was also unsatisfac-
tory, as the cheese and sand came through the cloth during the 
pressing. The most satisfactory proportion proved to be one 
part of cheese to two parts of sand; in the actual operation of 
the press, 400 grams of cheese and 800 grams of sand were em-
ployed. The cheese and ~and were mixed by hand on parch-
ment paper; the sand adhel'ed to the cheese particles, thus 
forming a coating on the cheese, and the resulting mixture felt 
moist. 
The type of cloth used to line the hollow cylinder was given 
considerable attention. Three types were tried-muslin, can-
vas and linen. A muslin lining proved unsatisfactory since it 
allowed the escape of the Gheese and sand mixture during the 
pressing. Although the canvas did 110t' have this fault, it ab-
sorbed too much serum, and therefore was hot practical. The 
most satisfactory cloth tried was a heavy, high quality linen. 
This was cut into pieces measming 9 by 12 inches. After the 
cylinder was set on its base and a felt pad placed at the bottom 
of the cylinder, one of the pieces of linen w'as folded around the 
inside of the cylinder; some overlapping was necessary in order 
to make certain that no part of the inside of the cylinaer ",' as 
uncovered. The linen was not allowed to wrinkle because .folds 
thus formed permitted the escape of the cheese and sand mix-
ture when pressure was applied. The felt pads, one of which 
was placed against the base supporting the cylinder and the 
other of which was placed on top thc cheese and sand mixture, 
were necessary to prevent the escape of the mixture during the 
pressing. The cheese and sand mixture was packed in the lined 
cylinder with the end of a test tube. 
In order to obtain satisfactOl'Y results, it was necessary to 
apply the pressme slowly. In the early trials the pressure was 
applied too quickly (10,000 to 12,000 pounds per square inch 
being reached in the course of 1 hour ) and, as a result, all oil 
and no serum was obtained in some cases. An attempt was 
made to overcome this difficulty by operating the press "in a 
cooler at a temperature of about 40° F, (4..4° C.), Under these 
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conditions oil alone was obtained. In some instances when high 
pressures were applied quickly the cheese and sand mixture was 
forced through the press cloth and no serum was secured. With 
most cheddar cheese the best results were obtained by apply-
ing the pressure very slowly. During the first hour the pres-
sure was increased from 0 to about 4,000 pounds per square 
inch; during the second and third hours it was increased from 
4,000 to a maximum of about 12,000 pounds. Liquid began to 
flow through the slots in the cylinder when a pressure of about 
2,000 pouI!ds had been reached. Oil usually came fi l'st, followed 
by a mixture of oil, cheese serum and a yellow, viscous material 
which was composed of cheese serum and solid protein material. 
The liquid obtained from the cheese did not drain well, there-
fore it was removed f l'om the plate sevel'al times during the 
pressing period and placed in a beaker in order to avoid the 
loss of water; in the beaker, the oil of the liquid formed a layer 
over the top, which largely prevented evaporation. 
In the attempts to improve the procedure used in obtaining 
the cheese serum it was found that it was obtained more readily 
if the cheese was allowed to stand at room temperature for 
several hours before shredding was begun. Usually when 
cheese directly from the cooler vvas pressed, the cheese shreds 
pushed out through the cloth. The rigidity of the cold cheese 
presumably facilitated its escape through the cloth. 
Two methods were used in separating the oil from the cheese 
serum and the viscous, yellow liquid containing some of the 
cheese serum. The first method consisted of centrifuging the 
liquid squeezed from the cheese for several minutes in a separa-
tory funnel. After centrifuging, the oil formed a clear layer at 
the top while the cheese serum and the viscous, yellow liquid 
formed the bottom layer. This method of separating the oil 
was not entirely satisfactory since, during centrifuging, parti-
cles of solid material were thrown to the bottom of the funnel 
with such force that they formed a hard mass which prevented 
the removal of the serum through the stop-cock. The second 
and better method of separating the oil from the mixture con-
sisted of gravity separation in a 200 ml. separatory funnel. 
After the liquid squeezed from the cheese was placed in the 
separatory funnel , about 30 minutes were required for the com-
plete separation of the oil. In some cases, especially when well 
ripened cheese was used, an emulsion was formed by the oil and 
the viscous, yellow liquid and this prevented separation. The 
emulsion was broken by placing the funnel containing it in a 
water bath at about 90° F. (32.2° C.) and shaking gently for 
several minutes. To obtain the pure cheese serum, the bottom 
layer of the material in the separatory funnel was filtered 
through a fluted filter paper in a long-stemmed funnel. Evap-
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oration during the filtration was largely prevented by covering 
the funnel with a watch glass, and by arranging the apparatus 
so that the funnel stem entered a corked collection tube 
through a hole in the cork. From 1 to 2 hours were usually re-
quired to complete the filtration. The heavy, yellow precipi-
tate was discarded when the filtration was complete. The col-
lection tube containing the serum was placed in ice water until 
the analysis of the serum was begun. 
'l'he pure serum was brownish yellow and opalescent. Serum 
from young cheese was only lightly colored, but as the age of 
the cheese increased the brown color was more pronounced. 
The serum tasted very salty and, when obtained from well 
ripened cheese, had a characteristic cheddar cheese odor. A 
greyish white precipitate formed when a small quantity of 
serum was diluted with water; this precipitate contained con-
siderable nitrogen. 
The age of the cheese proved to be an important factor in de-
termining the yield of serum and the time required to obtain it. 
Very young cheese, that is cheese up to 2 weeks old, yielded 
serum very readily and only about 5,000 pounds pressure per 
square inch in the course of 1 hour was necessary to obtain 
relatively large amounts. The fluid obtained was opalescent 
and a light brown in color. It contained only small amounts of 
oil. About 25 ml. of pure serum per 400 grams of cheese were 
obtained from the very young cheese. Serum from older cheese 
was mixed with considerable oil and viscous, yellow material 
when it came from the press. With cheese 1 to 2 months old, 
serum was obtained only with considerable difficulty, and 2 to 
3 hours of pressing were generally required to obtain relatively 
small amounts, for example about 10 ml. per 400 grams of 
cheese. With cheese 3 months of age and older, however, serum 
was again obtained without difficulty. Cheese aged from 3 to 
5 months yielded abou~20 ml. of serum per 400 grams of cheese. 
The moisture content and quality of the cheese were also fac-
tors in determining the yield of serum. Amounts of serum 
larger than normal were generally obtained from high moisture 
cheese and from cheese having certain defects, such as bitter-
ness, sourness and a weak body. 
During the development of the method used to obtain serum 
from cheddar cheese, trials were carried out with Roquefort 
and Swiss types. By employing the methods used with cheddar 
cheese, little difficulty was encountered in obtaining relatively 
high yields of serum from them. Upon the application of pres-
sures up to 10,000 pounds per square inch during the course of 
1 hour, 25 to 35 ml. of serum per 400 grams of Roquefort type 
cheese and 20 to 25 ml. of serum per 400 grams of Swiss type 
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cheese were obtained. Little or no oil was present in the liquids 
pressed from these types of cheese. 
The results obtained during the development of a suitable 
procedure for obtaining serum from cheddar cheese suggest sev-
eral interesting points. First, the precipitation of nitrogenous 
material when water was added to small portions of pure chcd-
dar cheese serum suggests that inaccurate results may be ob-
tained when water extraction methods are employed in quanti-
tative studies on the solnble nitrogenous products in this type 
of cheese. Second, the large quantities of oil pressed from 
ripened cheddar cheese, as compared with the relatively small 
amounts pressed from the Roquefort and Swiss types of cheese, 
suggest that in cheddar cheese the fat exists in a more loosely 
combined state than in the other types. Third, the influence of 
the age of the cheese on the yields of serum indicates that the 
moisture of cheddar cheese is more closely combined with the 
cheese body at certain stages of the ripening than at other 
stages. 
CHEMICAL ANALYSIS OF CHEESE SERUM 
The chemical analysis of each lot of cheese serum included 
determinations of total nitrogen, amino nitrogen and various 
fractions of proteins and protein decomposition products which 
were soluble or insoluble in trichloracetic acid, ethyl alcohol, 
phosphotungstic acid, or tungstic acid. The procedures used 
for the various determinations are as follows: 
Total nitrogen. One ml. of serum was analyzed for total ni-
trogen.3 
Amino nitrogen. One ml. of serum was analyzed by the Van 
Slyke gasometric method (13) .. 
Trichloracetic acid solt~ble and insolnble nitrogen fractions. 
One ml. of serum was treated with 44 ml. of water and 5 ml. of 
20 percent aqueous trichloracetic acid. After standing 8 to 10 
hours at room temperature, the mixture was filtered and the 
precipitate washed with a trichloracetic acid solution contain-
ing 45 ml. of water and 5 ml. of 20 percent aqueous trichlora-
cetic acid. The solution used for washing the precipitate con-
tained the same concentration of reagent as that used in the 
precipitation.4 Both the filtrate and the precipitate were an-
alyzed for nitrogen. 
Ethyl alcohol solnble and insoluble nitrogen fractions. One 
ml. of serum was treated with 9 ml. of water and 85 ml. of 95 
percent ethyl alcohol. After standing 8 to 10 hours at room 
temperature, the mixture was filtered and the precipitate 
3 In all cases nitrogen was determined by the Kjeldahl method. 
4 This relationship was maintained in washing the various precipitates. 
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washed with an ethyl alcohol solution containing 10 ml. of 
water and 85 ml. of 95 percent ethyl alcohol. The filtrate and 
the precipitate ,vere each analyzed for nitrogen. 
Phosphotungstic acid soluble and insolt£ble nitTogen fTactions. 
One ml. of serum was treated with 49 ml. of water, ]5 ml. of 25 
percent (by volume) aqueous sulfuric acid, and 10 ml. of 10 per-
cent aqueous phosphotungstic acid. After standing 8 to 10 hours 
at room temperature, the mixture was filtered and the precipi-
tate washed with a phosphotungstic acid solution containing 
50 ml. of water, 15 ml. of 25 percent aqueous sulfuric acid, 
and 10 ml. of 10 percent aqueous phosphotungstic acid. The 
nitrogen contents of thc filtrate and the precipitate were de-
termined. 
'l'ungstic acid sol1£ble and insoluble nit1-ogen fmctions. One 
ml. of serum was treated with 49 ml. of water, 15 ml. of 25 per-
cent (by volume) aqueous sulfuric acid, and 10 ml. of 10 percent 
aqueous sodium tungstate. After standing 8 to 10 hours at 
room temperature, the mixture was filtered and the precipitate 
washed with a tungstic acid solution containing 50 ml. of water, 
15 ml. of 25 percent aqueous sulfuric acid, and 10 ml. of 10 per-
cent aqueous sodium tungstate. The filtrate and the precipi-
tate were each analyzed for nitrogen. 
MoistuTe test f01' cheese . Five grams of finely divided cheese 
were dried in an oven at ] 00 0 C. for 18 hours. 
RESULTS 
PART 1. EFFECT OF PASTEURIZING THE MILK USED FOR MAK-
ING CHIDDDAR CHEESE ON THE NITROGENOUS DECOMPOSI-
TION IN THE CHEESE AND ON THE FLAVOR 
The effect of pasteurizing the milk on the nitrogenous decom-
position in cheddar cheese and on the flavor was studied with 
six series of cheese. Each series consisted of two cheese, manu-
factured at the same time from equal portions of a single lot of 
milk, one cheese being made from raw milk and one from pas-
teurized mille The results of the chemical analyses of the 
cheese serums and of the examinations of the cheese for flavor, 
are given in table 1. 
At the time of the first examination (when the cheese was] 
or 2 days old) the serum of the raw milk cheese contained 
slightly more total nitrogen than the serum of the pasteurized 
milk cheese in five of the six comparisons. The differences 
were negligible in some series while they were comparatively 
large in others. As the cheese aged the amount of total nitro-
gen in the serum increased, whether it was made from raw or 
pasteurized mille In the examinations made after periods vary-
TABLE 1. EFFECT OF PASTEURIZING THE MILK USED FOR MAKING CHEDDAR CHEESE ON THE NITROGEN DECOMPOSITION IN 
THE CHEESE AND ON THE FLAVOR. 
m!. of 0.1 normal acid equiv. to nitrogen of 1 rol. of cheesE" serum 
- - -- ---
Percent nitrogen fractionated into sol. and insal. pcrtions with Flavor 
Cheese Milk Age H 2O - - - -- -- score Remarks on 
number used in in total trichlor- ethyl phcspho- tungstic * of cheese flavor days cheese N acetic acid alcohol tungst ic acid acid amino cheese 
~I inso!. ~I insol. ~l inSOl. --;;;:-1 inso!. N I 
Series 1. Milk B inoculated with 2 percent commercial cheese culture G. 
I 
4-1 Raw 2 39.2 3.8 2.2 1.5 0.7 3.1 0.6 3.1 0.9 2.7 0.87 
4-2 Past. 2 39.6 4.0 2.4 1.7 0.8 3.1 0.7 3.2 1.0 2.9 I 0.82 
- ---
ti Raw 29 8.3 5.7 2.5 3.2 5.1 2.0 6 . 5. 2.0 6.4 1.71 40 V. good, typical cheddar Past. 29 7.5 4.4 3.3 2.7 5.0 1.8 5'.7 1.7 5.8 1.32 39 Good, lacks flavor 
- -------------
---
------ ------
---
--- ------ ---
4-1 Raw 64 13.8 9.0 4.8 6.2 8.0 4 . 2 9.8 4.0 9.6 2.64 40.5 V. good, typical cheddar 
4-2 Past. 64 13.0 7.9 5.3 4.0 9.1 2.3 10.6 3.2 9.7 2.48 39 Good, lacks flavor 
--- --- ---
---
---
---
--- ------ -----
---
4-1 Raw 108 16.4 10.4 6.0 6.6 9.7 6.0 10.4 5.6 10.6 4.05 40 V. good, typical cheddar 
4-2 Past. 108 15.3 8.5 7.0 6.0 9.2 5.1 10.0 4.9 10.2 3.38 39.5 Good, lacks flavor 
Series 2. Milk C inoculated with 2 percent eommercial cheese culture G. 
5-1 Raw 2 39.1 4.5 3.0 1.5 1.7 2.8 1.2 3.2 1.3 3.0 0.75 
5-2 Past. 2 39.4 4.3 3.2 1.2 1.5 2.9 1.0 3.4 1.3 2.8 0.54 
------ ---
---
---
---
--- ------ ---
---
---
5-1 Raw 38 7.8 5.4 2.5 3.2 4.5 2.6 5.3 1.6 6.1 1.56 39.5 V. good, typical cheddar 
5-2 Past. 38 7.4 4 .8 2.8 3.5 4.0 2.0 5.6 1.5 6 . 1 1.46 38 Fair. lacks fia vor 
----
----
- -----
- ---
------ ---
--- ------ ------ ---
5-1 Raw 76 14.8 9.4 5.4 6.4 8.2 5.2 9.4 2.6 12.2 1. 95 40.5 V. good, typical cheddar 
5-2 Past. 76 13.2 8.0 5.0 6.0 7.1 4.0 9.0 2.5 10.5 1.68 39 Good, lacks flavor 
- ------- --- --- ---
------
------ ------ ---
---
---
5-1 Raw 116 16.2 10.0 6.2 6.6 9.6 5.8 10.6 3.6 12.6 3.00 40 V. good, typical cheddar 
5·2 Past. 116 14.2 8.4 5.8 6.2 8.0 5.0 8.2 2.5 11. 9 2.18 39 Good, lacks flavor 
(continued on page 370) 
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TABLE 1. (Cont'd.) EFFECT OF PASTEURIZING THE MILK USED FOR MAKING CHEDDAR CHEESE ON THE NITROGEN 
DECOMPOSITION IN THE CHEESE AND ON THE FLAVOR. 
ml. of 0.1 normal acid equiv. to nitrogen of 1 ml. of cheese s.erurn 
Percent nitrogen fractionated into sol. and i08-o1. portions with Flavor 
Cheese Milk Age H 2O - ----- score Remarks on 
number used in in total trichlor- ethyl I phospho- tungstic of cheese fia vor 
days cheese N acetic acid alcohol tungstic acid acid amino cheese 
~l insoL ~l insol I~l insol ~l insol N 
Series 3. Milk A inoculated with 2 percent commercial cheese culture G. 
6-1 Raw 2 I 37.9 3.3 2 . 0 1.3 1.2 2.3 0 . 9 2.2 1.0 2 . 2 0.67 6-2 Pas t. 2 38 .3 3.0 1.6 1.4 1.1 2.0 1.1 2.1 0.9 2 . 2 0.67 
-------- ---
6-1 Raw 35 6 . 2 4.2 1.8 2.5 3.6 1.9 4.3 1.9 4.1 1.34 38 Good. lacks flavor 
6-2 Past. 35 5 . 9 4.2 1. 8 2.6 3.4 1.7 4.0 2.0 4.1 1.27 37.5 Poor, lacks flavor 
- ----------- ---
---
--- ------ ------ ------ ---
6-1 Raw 73 13.1 7 . 8 5.2 5 .6 7.6 5.0 8.0 3.8 9.2 2.03 38.5 Good. lacks flavor 
6-2 Past . 73 11.6 7.2 4.2 5.2 6.2 5.2 6.4 3.6 7.8 1.88 38 Fair, lacks fia vor 
- -----------
--- ------
---
---
------ ---- -- ---
6-1 Ra w 106 15. 8 11.2 4.8 6.8 8.8 6 .4 9.2 5 . 0 10.6 2.80 39 Good. typical cheddar 
6-2 Past . 106 13.5 9 . 0 4.7 6.0 7. 5 5.6 7.8 4 . 6 9.2 2.40 38 Fair, lacks flavor 
Series 4. Milk A inoculated with 1.5 percent commercial cheese culture C. 
7-1 Raw 1 39 . 2 4.6 2.5 l.i 1.4 3.1 1.4 3.5 1.3 3.3 0.72 
7-2 Past. 1 40.0 3.5 1.8 1.6 0 . 9 2 . 5 0.8 2 . 7 0.8 2.8 0.56 
- --
-
------ - ----- ------ ------ - --
7-1 Raw 10 7.7 4.6 3.0 2.8 4.7 1.6 6 . 0 1.5 5.9 1.00 
7-2 Past. 10 6.6 3.8 2 . 8 2.1 4. 5 1.1 5.4 1.2 5 . 2 0.87 
- -- --- ------ ------ ------ - ----- ---
7-1 R aw 24 11 . 5 8.3 3.3 4.7 6 .7 2.7 8.8 2 . 5 9.0 1.82 38.5 Good. lacks flavor 
7-2 Past. 24 10.2 5.8 4.5 3.4 6 . 7 2.2 8.0 2 . 2 8.1 1.02 37.5 POOT, sour, lacks flavor 
--- --- --- --- ------ --- --- ------
---
7-1 Raw 61 14.2 9.7 4 . 5 5.0 9.2 3 . 0 11. 3 2.7 11.5 2.30 39 Good. typical cheddar 
7-2 Past . 61 13.6 7.0 6.5 3.2 10.4 2 . 4 11. 2 2.3 11.3 1.86 38 Fair, lacks flavor, 51. sour 
-
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Series 5. Milks Band C inoculated with 2 percent commercial cheese culture C . 
8-1 Raw 1 39.0 4.3 2.5 1.7 1.4 2.9 1.1 3.2 1.0 3.3 0.73 
8-2 Past. 1 39.7 3.5 2.0 1.5 1.0 2.6 0.7 2.7 0.7 2.7 0.62 
--- --- --- --- - - - - -- - - - - - - - -- - - - - --
8-1 Raw 6 7.5 3.8 3.6 2.5 4.9 1.7 5.9 1.6 5.9 1.32 
8-2 Past. 6 6.6 3.7 2.9 2.0 4.6 1.3 5.4 1.1 5.5 0.92 
--- - -- ------ ------ - ----- - - - --- - - -
8-1 Raw 28 11.5 7.3 4.0 3.7 7.8 2.9 8.6 2.0 9.4 1. 73 
8-2 Past. 28 10.3 6.2 4.1 3.0 7.2 1.6 8.8 1.4 9.1 1.34 
--- - - - ------ ---- - - ------ --- - - - ---
8-1 Raw 62 14.5 11.4 3.0 4.8 9.6 3.6 11.0 3.2 11.3 2.26 
8-2 Past. 62 13.2 8.6 4.8 4.0 9.4 2.0 11.2 1.8 11.5 1.60 
Series 6. Milk A inoculated with 1.5 percent commercial cheese culture C. 
9-1 Raw 2 38.6 4.7 2.8 1.9 1.3 3.4 0.8 \ 3.8 0.7 3.9 0.63 
9-2 Past. 2 39.2 3.6 2.0 1.6 1.5 2.1 0.9 2.8 0.6 3 .0 0.54 
------
9-1 Raw 10 6.4 3.8 2.5 2.5 4.0 1.4 5.1 1.1 5.3 0.93 
9-2 Past. 10 5.0 3.0 2.0 1.8 3.3 1.0 4.1 0.9 4.2 0.72 
--- - --
--- - -- ------
---
--- ---
--- - --
9-1 Raw 36 10.6 6.2 4.2 5.2 5.3 2.5 8.2 2.4 8.2 1.43 
9-2 Past. 36 8.6 5.2 3.4 2.5 6.2 1.6 7.0 1.6 7.1 0.96 
--- ---
------ ---
---
------ - -----
---
9-1 Raw 63 12.9 8.4 4.4 5.8 7.0 3.7 9.1 3.5 9.4 2.00 
9-2 Past. 63 10.7 6.8 4.0 4.0 6.7 2.7 8.2 2.6 8.3 1.53 
- --- -- ---------
*Calculated from milligrams of amino nitrogen as determined by the Van Slyke gasometric method. 
39 
37 
39 5 
37 
39 
38 
39 
38.5 
Good, lacks flavor 
Poor, SOUf, bitter 
V. good, typical cheddar 
Poor, SOUf, bitter 
Good, typical cheddar 
Fair, lacks flavor 
Good, typical cheddar 
Fair, lacks flavor 
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ing from 10 to 116 days, the serum of the raw milk cheese regu-
larly contained more total nitrogen than the serum of the cor-
responding pasteurized milk cheese and, in general, the differ-
ence was greater with a longer ripening period than with a 
shorter one. 
In accordance with the comparatively small differences in the 
total nitrogen contents of the serums of the raw and pasteur-
ized milk cheese at the fil'St examination, the serums .,howed 
only small differences in the various 'nitrogen fractions rle1 er-
mined. There was an increase in each of the fractions as the 
cheese ripened, regardless of whether it was made from rhW 
or pasteurized mille Commonly there was a greater amount 
of each of the nitrogen fractions in the serum of the raw milk 
cheese than in the serum of the corresponding pasteurized milk 
cheese, but there was a number of exceptions to this relation-
ship, especially in the fractions insoluble in trichloracetic acid, 
ethyl alcohol, or phosphotungstic acid. 
The flavor scores of the cheese made from mw milk were al-
ways higher than the scores of the cheese made from pastenr-
ized mille A characteristic cheddal' flavor was regularly shown 
by the cheese made from raw milk after about 2 months or 
more of ripening. The flavor scores of the raw milk cheese 
varied from 38 to 40.5, while the scores of the pasteurized milk 
cheese varied from 37 to 39.5. The cheese made from pasteurized 
milk was generally characterized by a lack of flavor and a tough 
rubbery body. In the pasteurized milk cheese of Series 5, a 
decidedly sour and bitter flavor developed, but all the other 
cheese, whether made from raw or pasteurized milk, was free 
fl'om conspicuous off flavors. 
The two cheese in a comparison differed only very little in 
moisture content but the pasteurized milk cheese regularly 
showed a higher moisture content than the raw milk cheese. 
Table 2 presents a summary of the effect of pasteurizing the 
milk on the amounts and percentages of the various nitrogen 
fractions in the serums of the ripened cheese. The fractions 
were arranged in the general order of their complexity, and 
the percentages of the total nitrogen in the serums that were 
represented by each fmction were calculated. There were no 
consistent differences between the serums of the raw and pasteur-
ized milk cheese in the amounts or percentages of the fractions 
classed as (a) nitrogen soluble in tungstic acid but not amino 
nitrogen, (b) nitrogen soluble in phosphotungstic acid but not 
in tungstic acid, and (c) nitrogen soluble in ethyl alcohol but 
not in phosphotungstic acid. 'Vith the other fractions, how-
ever, the differences between the serums of the two types of 
cheese were more definite. The amount of amino nitrogen was 
regularly greater in the serum of the raw milk cheese than in 
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the serum of the pasteurized milk cheese, and in five of the six 
comparisons the percentage of the total nitrogen that was made 
up of amino nitrogen was slightly greater in the serum of the 
raw milk cheese. The amount of nitrogen soluble in trichlor'-
acetic acid but not in ethyl alcohol was regularly higher in the 
serum of the raw milk cheese than in the serum of the pasteur-
ized milk cheese, while the amount of nitrogen insoluble in 
trichloracetic acid was smaller in the serum of the raw milk 
cheese in four of the six comparisons; the serum of the raw milk 
cheese regularly contained a larger percentage of the total 
nitrogen in the form soluble in trichloracetic acid but insoluhle 
in ethyl alcohol and a smallel" percentage of the nitrogen in the 
form insoluble in trichloracetic acid. 
The data given in table 2 show that in the serums of ripened 
cheese there are rather large variations in the distribution of 
the nitrogen among the various fractions. These variations 
are evident with either the raw milk or the pasteurized milk 
cheese and occurred with cheese made from either type of milk 
even when the cheese was scored essentially the same on flavor. 
Commonly the raw and pasteurized milk cheese in a compari-
son followed each other more closely from the standpoint of 
the percentage nitrogen distribution in the serums than the 
various lots of either raw or pasteurized milk cheese. It is of 
interest to note that the pasteurized milk cheese which was bit-
ter (SerIes 5) had an unusually large percentage of the nitrogen 
in the serum in the fraction soluble in trichloracetic acid but 
not in ethyl alcohol; however, this percentage was exceeded 
by the corresponding percentage in the case of the raw milk 
cheese without the cheese being criticized as bitter. 
The more or less regular increases in the various nitrogen 
fractions that are evident from the data presented in tables 1 
and 2, show there was a steady breaking down of the proteins 
in all of the cheese. In general, there was a somewhat more 
rapid and complete breakdown in the cheese made from raw 
milk than in that made from pasteurized milk. The raw milk 
cheese regularly had a typical cheddar flavor, while the pasteur-
ized milk cheese commonly lacked flavor. 
PART 2. EFFECT OF ADDING RAW MILK TO PASTEURIZED MILK 
(RATIO 1 TO 9) USED FOR MAKING CHEDDAR CHEESE 
ON THE NITROGENOUS DECOMPOSITION IN 
THE CHEESE AND ON FLAVOR 
The effect of adding raw niilk to pasteurized milk used for mak- -
ing cheddar cheese on the.uitrogenous decomposition in the cheese 
and on the flavor was studied with three series of cheese. Each se- . 
ries consisted of three cheese, manufactured at the same time from · 
equal portions of a single lot of milk; one cheese was made from · 
TABLE 2. EFFECT OF PASTEURIZING THE MILK USED FOR MAKING CHEDDAR CHEESE ON THE AMOUNTS AND PE!{CENTAGES OF 
VARIOUS FORMS OF NITROGEN IN THE SERUM OF RIPENED CHEESE 
Milk used 
Raw Past. 
mi. of 0.1 normal acid equiv. to the 
nitrogen fractions of 1 ml. of 
cheese serum 
Various fractions of nitrogen in cheese serum* 
Milk used 
Raw Past. 
percentage of total nitro-
trogen made up of various 
fractions 
Series 1. Cheese ripened 108 days; made from Milk B inoculated with 2 percent cheese culture G. 
4.0 3.4 amino N 24 22 
1.6 1.5 N soluble in tungstic acid but not amino N 9 10 
0.4 0.2 N soluhle in phosphotungstic acid hut not in tungstic acid 2 1 
0.6 0.9 N soluble in ethyl alcohol hut not in phosphotungstic acid 3 6 
3.8 2.5 N soluble in trichloracetic acid but not in ethyl alcohol 23 16 
6.0 7.0 N insoluble in trichloracetic acid 39 45 
16.4 15.5 total N 
Series 2. Cheese ripened 116 days; made from Milk C inoculated with 2 percent culture G. 
3.0 2.2 amino N 18 16 
0 . 6 0.3 N soluble in tungstic acid but not amino N 4 2 
2.2 2.5 N soluhle in phosphotungstic acid hut not in tungstic acid 14 18 
0.8 1.2 N soluble in ethyl alcohol but not in phosphotungstic acid 5 8 
3.4 2.2 N soluble in trichloracetic acid hut not in ethyl alcohol 21 15 
6.2 5.8 N insoluble in trichloracetic acid 38 41 
16.2 14.2 total N 
Series 3. Cheese ripened 106 days; made from Milk A inoculated with 2 percent culture G. 
2.8 2.4 amino N 18 18 
2.2 2.2 N soluble in tungstic acid but not amino N 14 16 
1.4 1.0 N soluble in phosphotungstic acid but not in tungstic acid 8 7 
0.4 0.4 N soluble in ethyl alcohol but not in phosphotungstic acid 2 3 
4.4 3.0 N soluble in trichloracetic acid but not in ethyl alcohol 28 22 
4.8 4.7 N insoluble in trichloracetic acid 30 34 
16.0 13.7 total N 
00 
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Series 4. Cheese ripened 61 days; made from Milk A inoculated with 1.5 percent culture C. 
2.3 1.9 amino N 16 14 
0.4 0.4 N soluble in tungstic acid but not amino N 3 3 
0.3 0.1 N soluble in phosphotungstic acid but not in tungstic acid 2 1 
2.0 0.8 N soluble in ethyl alcohol but not in phosphotungstic acid 14 6 
4.7 3.8 N soluble in trichloracetic acid but not in ethyl alcohol 33 28 
4.5 6.5 N insoluble in trichloracetic acid 32 48 
14 .2 13.5 total N 
Series 5. Cheese ripened 62 days; made from Milk B inoculated with 2 percent culture C. 
2.3 1.6 amino N 16 12 
0.9 0.2 N soluble in tungstic acid but not amino N 6 1 
0.4 0.2 N soluble in phosphotungstic acid but not in tungstic acid 3 1 
1.2 2.0 N soluble in ethyl alcohol but not in phosphotungstic acid 8 15 
6.6 4.6 N soluble in trichloracetic acid but not in ethyl alcohol 46 35 
3.0 4.8 N insoluble in trichloracetic acid 21 36 
14.4 13.4 total N 
Series 6. Cheese ripened 63 days; made from Milk A inoculated with 1.5 percent culture C. 
2.0 1.5 amino N 16 14 
1.5 1.1 N soluble in tungstic acid but not amino N 12 10 
0.2 0.1 N soluble in phosphotungstic acid but not in tungstic acid 1 . 1 
2.1 1.3 N soluble in ethyl alcohol but not in phosphotungstic acid 16 12 
3.6 2.8 N soluble in trichloracetic acid but not in ethyl alcohol 28 26 
3.4 4.0 N insoluble in trichloracetic acid 27 37 
12.8 10 .8 total N 
*It should be recognized that the values given are, in large part, calculations based on data obtained with the various methods of fractionating the nitro-
gen in the cheese serum. For example, the value for the nitrogen soluble in tungstic acid but not amino nitrogen is the difference between the nitrogen sol-
uble in tungstic acid and the amino nitrogen. 
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raw milk, one from pasteurized milk, and one from 90 percent 
pasteurized milk and 10 percent raw mille Table 3 gives the 
results of the chemical analyses of the cheese serums and of the 
examinations of the checse for flavor. 
The data presented show essentially the same relationships 
between the nitrogenous decompositions in the raw milk and 
in the pasteurized milk cheese as are shown by the data given 
in table 1. When first examined (after from 3 to 6 days) the 
serums of the two types of cheese varied only slightly in total 
nitrogen, but the greater amount was regularly present in the 
raw milk cheese. As the checse ripened there was an increase 
in the total nitrogen of the serum, whether the cheese was made 
from raw or pasteurized milk. At each examination during the 
ripening period the Eerum of the raw milk cheese contained 
more total nitrogen than the serum of the pasteurized milk 
cheese, and the longer the ripening the greater the difference 
between the two. There was a general increase in each of the 
nitrogen fractions during the ripening, whether the cheese was 
made from raw · 01' pasteurized milk, and usually there was a 
greater amount of each of the fractions in the serum of the raw 
milk cheese than in the serum of the corresponding pasteurized 
milk cheese. The flavor of the raw milk cheese was, in general, 
typically cheddar while the pasteurized milk cheese commonly 
lacked flavor. In Series 3 the pasteurized milk cheese event-
ually became bitter. 
Originally the serum of the cheese made from 90 percent pas-
teurized and 10 percent raw milk had essentially the same 
amount of total nitrogen as the serums of the other types 01' 
cheese, while after the various ripening periods the amount of 
total nitrogen was commonly between the values for the other 
types. In one case at the end of the ripening period the serum 
of the cheese made from the mixture of pasteurized and raw 
milk had slightly more total nitrogen than the serum of the 
cheese made from raw milk alone. Commonly the amounts of 
the various nitrogen fractions present in the serum of the cheese 
made from the mixed milk wel'e intermediate between the cor-
responding values for the other types of cheese; there were, 
however, exceptions to this relationship and then the value for 
the mixed milk cheese exceeded the value for the raw milk 
cheese. 
The flavor of the cheese from the mixed milk was more nearly 
comparable to that of the raw milk cheese than to that of the 
pasteurized milk cheese; with sufficient ripening of the cheese 
it became typically cheddar and in some cases scored higher 
than either of the other types of cheese. 
The three cheese in a comparison showed only very small 
differences in moisture content; the raw milk cheese regularly 
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had the lowest moisture content while the pastem'ized milk 
cheese had the highest value in two comparisons and the mixed 
milk cheese in one. 
A summary of the effect of adding raw milk to pasteurized 
milk on the amounts and percentages of the val'ious nitrogen 
fractions in the serums of the ripened cheese is presented in 
table 4. The data on the raw milk cheese and on the pasteur-
ized milk cheese are essentially the same as the data given in 
table 2. The amounts of the various nitrogen fractions in the 
serum of cheese made from the mixture of raw and pasteurized 
milk indicate that the decomposition in this type of cheese is 
more nearly comparable to the decomposition in raw milk 
cheese than to that in pasteurized milk cheese. There is con-
siderable variation among the three types of cheese in the per-
centages of the total· nitrogen that are found in the various frac-
tions. In general, this percentage distribution in the cheese 
from the mixed milk more nearly approaches that of the raw 
milk cheese than that of the pasteurized milk cheese, but there 
are some exceptions to this. The relationship of the decomposi-
tion in the mixed milk cheese to that in the raw milk cheese is 
shown particularly in the nitrogen fraction that is soluble in 
trichloracetic acid but not in ethyl alcohol. 
From the data given in tables 3 and 4 it is evident that there 
were more or less regular increases in the various nitrogen 
fractions with all of the cheese and these increases indicate a 
steady breakdown of the protein. The cheese made from 90 
percent pasteurized and 10 percent raw milk showed a decompo-
sition more nearly comparable to the decomposition of raw milk 
cheese than to that of pasteurized milk cheese. It also devel-
oped a flavor essentially the same as that of raw milk cheese 
and did not lack flavor as is so commonly the case with pas-
teurized milk cheese. 
TABLE 3. EFFECT OF ADDING RAW MILK TO PASTEURIZED MILK (RATIO 1 TO 9) USED FOR MAKING CHEDDAR CHEESE ON THE 
NITROGEN DECOMPOSITION IN THE CHEESE AND ON THE FLAVOR. 
--
ml. of 0.1 normal acid equiv. to nitrogen of 1 ml. of cheese serum 
---
Percent nitrogen fractionated into sol. and iU601. portions with Flavor 
Cheese Milk Age H2O score Remarks on 
number used in in total trichlor- ethyl phospho- tung8tic- * of cheese flavor days cheese N acetic acid alcohcl t u ngs ti c acid acid amino cheese 
--- - 1-sol. j inaol. sol. in90l. ~I insol. ~l inSOl: N 
Series 1. l\1ilk A inoculated with 2 percent commercial cheese culture G. 
1-1 1{aw 3 40.2 4 . 4 3.1 1.3 1.5 3.0 1.3 3.2 1.2 3.1 1.12 
1-2 Past. 3 40.8 3.7 2.6 1.2 1.3 2.5 1.3 2.6 1.1 2.8 1.04 
1-3 PUf:t. +raw 3 40.6 3.7 2.8 1.0 1.3 2.5 1.1 2.8 0.9 2 .8 0.99 
---
- --
------ ------
------ - - - --- ---
I-I Raw 37 8.2 6.0 2.3 3.4 4.7 2.1 6.0 2.1 6.2 1. 99 38 Fair, 81. lacking 
1-2 Past. 37 6.2 4.0 2.3 3.0 3.3 2.3 4.0 1.8 4.5 1.56 37.5 POOT, lacks flavor 
1-3 Past. +raw 37 7.4 5.1 2.3 3.1 4.5 2.1 5.5 1.7 5.9 1. 68 39 Good, typical cheddar 
---
---
- -- - - - --- - -- ------ ---
---
- - -
I-I Raw 78 11. 3 8.0 3.3 5.4 5.9 3.4 9.7 3 .1 8.2 2.15 39.5 V. gocd, v. typical 
1-2 Past. 78 9.0 6.7 2.5 4.3 4.7 3.0 6.1 3.1 6.0 1. 88 3S Fair, lacks flavor 
1-!l Past.+raw 78 10.3 7.6 2.8 4.7 5.8 2.9 7.3 3 . 2 7.0 2.03 39 5 V. good. typical cheddar 
--- --- - -----
- - - ---
------ --- ---
---
I-I Raw 112 14.8 9.9 4.8 5.8 8.9 4.7 10.0 4.0 10.8 3.37 39 Good, typical cheddar 
1-2 I Past. 112 12.0 7.6 4.4 5.2 6.8 4.0 8.2 3.4 8.6 2.74 38 Fair, lacks flavor 1-3 Past. +raw 112 15.3 9.7 5.4 5.3 10.0 4.5 11. 0 3.5 12.0 3.05 38.5 Good, typical cheddar 
00 
-'I 
00 
2-1 
2-2 
2-3 
2-1 
2-2 
2-3 
2-1 
2-2 
2-3 
2-1 
2-2 
2-3 
3-1 
3-2 
3-3 
Raw 
Past. 
Past. +raw 
Raw 
Past. 
Past. +raw 
Raw 
Past. 
Past . +raw 
!-taw 
P ast. 
Past. +raw 
Raw 
Past. 
Past. +raw 
6 
6 
6 
52 
52 
52 
82 
82 
82 
112 
112 
112 
5 
5 
5 
Series 2. Milk B inoculated with 1.5 percent commercial cheese culture G. 
39.2 4.2 2.1 1.9 1.4 2.7 1.2 3.0 1.2 3.0 0.78 
39.8 3.9 2.3 1.6 1.4 2.6 0.9 3.1 0.7 3.1 0.72 
40.0 4.2 2.7 1.6 1.5 2.7 1.0 3.3 0.9 3.4 0.85 
--- --- ------ - - - --- --- - -- ------ ---
13.0 7.8 5.2 5.2 8.0 3.0 9.8 3.8 9.0 1.80 
11. 6 6.2 5.6 4.6 7.2 2.4 9.2 2.8 8.6 1. 54 
12.6 7.6 5.0 4.6 7.8 3.2 9.4 3.0 9.6 1.69 
--- --- ---
--- ---
--- - - - - -- --- - - - ---
16.1 10.0 6.2 6.1 10.2 4.6 11.4 4.0 12.3 2.83 
13.8 7.9 5.9 5.0 8.7 3.3 10.5 3.1 10.7 2.30 
15.0 9.5 5.6 5.4 9.7 4.1 10.9 3.6 11. 6 2.64 
---
- - -
- ----- - --
--- --- - - - ---
---
- - -
18.1 11. 3 6.7 6.2 12.0 5..4 12.6 4.4 13.7 3.66 
15.4 9.6 6.0 5.6 9.8 4.3 11.2 3.6 11.8 3.08 
17 . 2 10.8 6.4 6.0 11. 0 5.0 12.2 4.0 13.2 3.36 
-- ------
.._-- ._. 
--- - -
~eries 3. Milk A inoculated with 2 percent commercial cheese culture NG. 
39.0 
39.6 
39.1 
3.5 
3.3 
3.3 
2.3 
2.1 
2.2 
11 
1.2 
1.0 
14 
12 
1.4 
2.1 
1.9 
1.8 
10 
0.8 
10 
2.5 
2.4 
2 . 5 
12 
1.1 
1.1 
2.3 0.73 
2.2 0.66 
2.3 0.66 
39 Good, typical cheddar 
38 Fair, lacks flavor 
39.5 V. good, typical cheddar 
- --
38.5 Good, typical cheddar 
39 Good, lacks flavor 
39.5 V. good, typical cheddar 
40 V. good, typical cheddar 
39 Good, lacks flavor 
39.5 V. good, typical cheddar 
--- 1--1-- 11-- -11-- 1--11-- 1--11--1- -11--1--11--11--- 1- - ------
3-1 Raw 
3-2 Past. 
3-3 Past.+raw 
53 
53 
53 
8.7 
7.9 
8.3 
6.5 
5.3 
6 . 2 
2.3 
2.7 
2.2 
3.8 
3.4 
3.5 
4.8 
4.4 
5.0 
2.1 
1.8 
1.9 
6.6 
6.0 
6.4 
2.4 
2.0 
2.1 
6.4 11 1.86 5.7 1.40 
6.3 1.58 
- --I 1---11- - - "---'-- - "- --'--- "---'---"--'---
3-1 I Raw 82 15.6 11.4 4.0 5.0 10.3 3.9 11.7 3.2 12.2 2.30 
3-2 Past. 82 10.9 7.3 3.7 4.2 6.7 2.4 8.4 2.5 8.5 1.80 
~ Past+r~ __ 82 ___ ·_ ~ ~_~ ~~ ~~~ ~~ ~ 
3-1 I Raw 110 17.0 12.3 4.6 6.1 10.7 4.6 12.2 3.6 13.4 3. 03 1 
3-2 Past. 110 12.8 8.2 4.5 4.8 7.9 3.4 9.4 3.3 9.3 2.24 
3-3 Past.+raw 110 16.4 11.4 5.1 5.6 10.8 4.0 12.3 3.7 . 12.5 2.73 
*Calculated from milligrams of amino nitrogen as determined by the Van Slyke gasometric method. 
37.5 
39 
39 
38 
38.5 
39 
38.5 
37.5 
39.5 
Poor, sour 
Good, lacks flavor 
Good, typical cheddar 
Fair, typical cheddar 
Fair, lacks flavor 
Good, typical cheddar 
Fair, typical cheddar 
Poor, bitter, lacks flavor 
V. good, typical cheddar 
<;.;:> 
-1 
'-0 
TABLE 4. EFFECT OF ADDING RAW MILK TO PASTEURIZED MILK (RATIO 1 TO 9) USED FOR MAKING CHEDDAR CHEESE ON THE 
AMOUNTS AND P ERCENTAGES OF VARIOUS FORMS OF NITROGEN I N THE SERUM OF RIPENED CHEESE. 
Milk used Milk used 
Raw I_~_t. _I Past.+raw Raw 1 Past. 1 Past. +raw Various fractions of nitrogen in cheese serum* 
rol. of 0.1 normal acid equiv. to the nitrogen percentage of total nitrogen 
fractions of 1 ml. of cheese serum made up of various fractions 
Series 1. Cheese ripened 112 days; made from Milk A inoculated with 2 percent commercial culture G. 
3.4 2.7 3.1 amino N 24 22 20 
0 . 6 0 . 7 0.4 N soluble in tungstic acid but not amino N 4 6 4 
0.7 0.6 1.0 N soluble in phosphotungstic acid but not in tungstic acid 5 5 6 
1.1 1.2 0.8 N soluble in ethyl alcohol but not in phosphotungstic acid 7 10 5 
4 .1 2.4 4.4 N soluble in trichloracetic acid but not in ethyl alcohol 28 20 29 
4.8 4.4 5.4 N insoluble in tr ichloracetic acid 32 37 36 
14.7 12 .0 15.1 total N 
Series 2. Cheese ripened 112 d ays; made from Milk B inoculated with 1.5 percent commercial culture C. 
3.7 3.1 3.4 am ino N 20 20 20 
0.7 0.5 0.6 N soluble in t ungstic acid but not amino N 4 3 3 
1.0 0.7 1.0 N soluble in phosphotungstic acid but not in tungstic acid 6 4 5 
0.8 1. 3 1.0 N soluble in ethyl alcohol but not in phoRphotungstic acid 4 8 5 
5 .1 4.0 4.8 N soluble in trichloracetic acid bu t not in ethyl alcohol 28 25 28 
6.7 6.0 6.4 N insoluble in trichloracetic acid 38 40 39 
18.0 15.6 17.2 I total N I 
Series 3. Cheese ripened 110 d ays; made from Milk A inoculated with 2 percent commercial culture NG. 
3.0 2.2 2. 7 amino N 18 17 16 
0.6 1.1 1.0 N soluble in tungstic acid but net amino N 4 8 6 
1.0 0.1 0.3 N soluble in phosphotungstic acid but not in tungstic acid 6 1 2 
1. 5 1.5 1. 6 N soluble in ethyl alcohol but not in phcsphotungstic acid 9 10 10 
6.2 I 3.4 5 . 8 N soluble in trichloracetic acid but not in ethyl alcohol 36 28 35 4 6 4.5 5.1 N insoluble in trichloracetic acid 27 36 31 
16.9 12.8 16 .5 total N 
.. 
*It should be recognized that the values given are, in large part. calculations based on data obtained with the various methods of fractionating the nitrogen 
in the cheese serum . For example, the value for the ni trogen soluble in tungstic acid but not amino nitrogen is the difference between the nitrogen soluble 
)ll tungstic acid and the amino nitrogen. 
00 
00 
o 
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DISCUSSION OF RESULTS 
The data obtained substantiate the general belief that ched-
dar cheese made from pasteurized milk usually develops a less 
typical cheddar flavor and requil'es longer for ripening than 
cheese made from raw mille 'rhe experimental cheese made 
from pasteurized milk regularly showed a less rapid and exten-
sive decomposition of the protein and a less chaJ'acteristic ched-
dar flavor than the corresponding raw milk cheese. 
The results presented indicate that cheese made from 90 per-
cent pasteurized and 10 percent raw milk showed a more rapid 
and extensive breakdown of the proteins and developed a more 
typical cheddar flavor than cheese made from pasteurized mille 
The addition of the raw milk to the pasteurized milk pre-
sumably contributed various types of bacteria which were de-
sil'a ble from the standpoint of cheese ripening, and the normal 
milk enzymes added may have been of importance also. The 
cheese made from the mixed milk was very similar in nitrogen 
distribution and flavor to cheese made from raw mille The ap-
plication of this infol'mation in commercial cheese factories 
may be of value where pasteurization of the greater part of the 
milk is desirable. Fo)' example, when the milk is received, a 
small percentage of raw milk, known to be of high quality, 
could be set aside and then added to the pasteurized milk be-
fore the cheese making process is begun. In connection with 
the effect of adding raw milk to pasteurized milk to be made 
into cheese, it should be noted that Price (10) was unable to 
improve the quality of pasteurized milk cheese by the addition 
of small quantities of raw milk cheese to the mille 
When health departments have requirements for cheese that 
are comparable with those they now have for milk and certain 
other dail'y products, the addition of raw milk to pasteurized 
milk to be made into cheddar cheese presumably will require 
raw milk produced under special conditions. Such milk un-
doubtedly will come from farms that are better equipped for 
the production of milk under sanitary conditions than are most 
of the farms producing milk for cheese manufacture. 
The serums of cheese made from raw milk and from a mix-
hue of pasteurized and raw milk were characterized by the 
presence of large amounts and percentages of a nitrogen frac-
tion which was soluble in trichloracetic acid but not in ethyl 
alcohol. Since this cheese was of a high quality the data sug-
gest that the formation of relatively large amounts of a com-
pound or compounds soluble in trichloracetic acid but not in 
ethyl alcohol may be responsible, in part, for the characteristic 
flavor of high quality cheddar cheese. 
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